 Elise and Mikola, Juha (2017) 
Seventeen years after introduction, which was originally aimed at improving the 23 macroporosity and permeability of the heavy clay soil, we returned to the gradient of L. 24 terrestris dispersal (well established, more recent and no settlement) and investigated the To lower the high water table level, the field was subdrained with tile drainage pipes, laid at a 116 depth of 1 m and 16.5 m apart in 1962 (subdrains are installed at the bottom of narrow 117 trenches, which are then backfilled). In 1975, when the leaching field was established, the 118 tiles were connected to plastic cross pipes to form drainage plots, arranged in four strips. New 119 plastic drain pipes were further installed in 1991 at the same depth as the old tile pipes, 0.3 m 120 apart from the tiles, and connected to the cross pipes (Turtola 1999 (Fig. 1) . The field has an average slope of 2% (1-4%), and within the two field strips used in 127 this study (Fig. 1 , Strips 1 and 2), the topsoil (0-20 cm) clay content gradually increases 128 downslope, from loamy to heavy clay. The clay content is lowest (43%) close to tiles 1 and 2
129
in Strip 1 and highest (79%) close to tiles 5 and 6 in Strip 2, obviously due to a relatively 130 steep slope at this part of the field ( Fig. S1 ; Turtola and Jaakkola, 1987) . In the two strips, 131 the current median C content at 0-0.1 m depth is 3.5% of soil dry mass (range 2.8-4.2%) and 132 median pH 6.3 (6.1-6.4). There are no obvious, consistent differences between the strips or 133 trends along the slope, except for the downslope increase in clay content. In both strips, the 134 soil bulk density at 0-0.1 m depth varies between 1.07 and 1.20 g cm -3 .
135
In October 1996, L. terrestris (dew-worms), which had earlier been absent from the field and 136 its surroundings, were inoculated in the field using the Earthworm Inoculation Unit (EIU) 2011). In the present study, we utilized the two directly tilled strips, denoted as Strips 1 and 2
149
( Fig. 1) , in which the dew-worm population is known to be spreading (Nuutinen et al., 2011) .
150
The strips have been under conventional management with mineral fertilization and regular
151
herbicide treatments: for instance, in the 2012 growing season with barley cultivation, the N-152 P-K fertilizer was applied at a rate of 90-24-24 kg ha -1 during spring sowing, and weeds were 153 sprayed in the summer and autumn using standard application rates of MCPA (Ariane S) and 154 glyphosate (Glyfokem), respectively. Our field data was collected in May 2013 prior to 155 sowing. We started our study by mapping the dew-worm distribution and then sampled the 156 soil for earthworms, physical soil structure and selected soil animals.
L. terrestris distribution gradient

159
To find the gradient of L. terrestris dispersal from the settled areas to the leading edge, the but did not differ from the non-midden soil in Zone 2 (Fig. 2) . In both strips, soil moisture 
232
To avoid disturbance to the macropore structure due to earthworm activity during storage, the 
237
From each image, a cylindrical region was selected to image process in a way that maximized layer. Radial intensity profile was straightened by using a correction factor for each voxel.
243
These were interpolated from the layer factors to achieve a smooth correction. To reduce 244 imaging noise, a 3D median filter (radius 2) was applied. Images were segmented into two 245 classes (pores and solids) using a method based on the minimization of intra-class variance 246 (Otsu, 1979 with a replacement "colour". In our case, we selected the seed voxel from the earthworm 275 burrow and filled all connected pore space. This space was then tagged as "burrow" and 276 morphologically opened by a spherical structuring element with a radius of 5 voxels (1 mm).
277
The opening cut off those small pores that were connected to the burrow and allowed the 278 remaining burrow voxels to be excluded from the analysis. Midden and their interaction as fixed effects and the pair as a random effect.
309
The models were fitted using integral approximation (Gauss-Hermite quadrature) and a bias- (Fig. 3) . analyses of earthworm community composition and total abundance.
339
Earthworm community composition did not differ between midden and non-midden soils: in 340 the midden soil, the combined proportion of anecic and epigeic species of all earthworm 341 individuals was on average 31% (SEM=5%) and in non-midden soil 34% (SEM=6%) ( Table   342 2). Total number of earthworms was higher in the midden than non-midden soil in Zone 1 343 (P<0.0001), but not in Zone 2 (P=0.45) ( Table 2 , Fig. 4 ), whilst total mass in both zones was 344 higher in the midden soil (mean 0.51 g, SEM=0.11g) than in the non-midden soil (0.32 g,
345
SEM=0
.06 g; Table 2 ). Strips and zones did not differ in earthworm numbers, but earthworm 346 mass was on average higher in Strip 2 (0.58 g, SEM=0.11 g) than Strip 1 (0.28 g, SEM=0.06 347 g) ( Table 2 ). The overall, combined abundance of endogeic and epigeic earthworms
348
(including midden and non-midden areas in their relative proportions) tended to increase 349 from Zone 1 to Zone 3, but the Zone effect was not statistically significant (Table 4 , Fig. 6 ).
350
The nematode abundance was 53% and the enchytraeid abundance 225% higher in the 351 midden than non-midden soil (Fig. 5 , Table 3 ). The difference in nematode abundance was,
352
however, statistically non-significant due to one deviant midden -non-midden pair (Table 3) .
353
In this pair, the number of nematodes was 46 and 445 ind. cm -2 in the midden and non-354 midden soil, respectively, whereas in 15 of the 20 data pairs the numbers were higher in 355 midden soil. After excluding the deviant pair, the nematode abundance was 88% higher in the 356 midden than non-midden soil and the difference was statistically significant ( was not captured in the sample for its whole length (Fig. 7, bottom) .
370
In Zone 2, the non-midden samples had a higher volume of large pores in the pore-size 371 distribution than in Zone 1 (Fig. 8) , which was due to the earthworm burrows being found 372 from deeper layers in three of the five control samples in this zone. In the midden samples,
373
the pore-size distribution exhibited a clear bimodal character due to the large L. terrestris 374 main burrow, but when the burrow was excluded from the analysis, the pore-size distribution 375 of midden and control samples appeared similar (Fig. 8) . As we predicted, the L. terrestris midden sites were microenvironments of elevated faunal 380 density for nematodes, enchytraeids and other earthworms. In the case of earthworms, we 381 also found evidence of population densities increasing with longer L. terrestris settlement. In 382 contrast to our predictions, however, the earthworm community in L. terrestris middens had 383 the same composition of ecological groups and the soil the same macroporosity as the control 384 soil.
385
In earthworm invasion ecology, the middens of anecic species represent a special case of 
428
The apparent difference in the response of the three faunal groups to the L. terrestris dispersal explanation. The density of earthworms per unit area was relatively low in our study, and for 432 earthworms, the population growth at middens may have mostly resulted from immigration.
433
In such case, the increase in earthworm population densities in the middens may be relatively The similarity of responses of smaller animals to L. terrestris activity in different parts of the 444 dispersal gradient may also be due to smaller than supposed differences in midden structure 445 and age between these areas. Firstly, despite the relatively low mechanical disturbance under 446 direct drilling, the mechanical interference of topsoil during sowing, spraying and harvest
447
operations may equally restrain the development of middens across all zones. Second, the age 448 difference of the middens along the dispersal gradient may not be as large as we supposed. Pitkänen and Nuutinen, 1997). However, the smallest earthworm burrows can be narrower,
483
close to 1 mm (Lee 1985; Edwards and Bohlen, 1996) , and the pore size distribution peaks Analyzed using data without one deviant midden -non-midden pair in Zone 2 of Strip 1. photograph. The description of the design is in Fig. 1 .
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